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ABSTRACT Natural polysaccharides such as amylose (AMY), alginate sodium (ALG), and chitosan (CHI) have
been noncovalently wrapped onto single-wall carbon nanotubes (SWCNTs) to give a series of SWCNT scaffolds,
termed as AMY-SWCNT, ALG-SWCNT, CHI-SWCNT, and CHI/ALG-SWCNT scaffolds. Compared to purified SWCNTs and
oxidized SWCNTS, the polysaccharide-wrapped SWCNTs can well mimic nanofibrous extracellular matrix and

significantly enhance cell adhesion and proliferation. The surface properties of the SWCNT scaffolds, such as

functional groups, surface charge, and hydrophilicity, can all directly influence the protein adsorption and lead

to changes in cellular FAK expression, thus affect the mammalian cell morphology and proliferation. By

quantitatively studying the surface properties of these SWCNT scaffolds, it can be concluded that relatively

positively charged hydrophilic scaffolds that bear —OH groups can remarkably promote cell growth. Considering

all properties, the relatively electrical neutral and hydrophilic AMY-SWCNT scaffolds bearing only —OH groups are

able to sustain the highest cell viability after 72 h culturing.
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major goal of tissue engineering is
A to produce artificial biological sub-

stitutes that have the capacity to
sustain and direct cell adhesion, growth,
and proliferation and thus to restore or re-
pair the damaged or diseased tissues." An
ideal scaffold should mimic both the struc-
tural and biological functions of native ex-
tracellular matrix (ECM) to provide mechan-
ical support and regulate cell activities.?
Generally, cells adhere and grow on the
ECM consisting of collagen multifibrils
(50—500 nm of diameter) and proteogly-
cans in native tissue. However, the direct
utility of collagen and proteoglycans has
been limited due to their high price and
fragile mechanical properties. The high
strength fiber-reinforced natural biopoly-
mers are architecturally similar to the col-
lagen structure of the ECM and thus can be

\&) VOL.3 = NO. 10 = ZHANG ET AL.

considered as alternative substitutes.® Cell
adhesion to biomaterial surface has to be
mediated by a layer of adsorbed ECM pro-
teins such as immunoglobulins, vitronectin,
fibrinogen, and fibronectin,*® which can en-
hance cellular adhesion onto artificial bio-
materials and help to speed up the tissue
regeneration. The surface characteristics of
biomaterials, such as surface charge, surface
functional groups, hydrophilicity, and to-
pography, may affect the type, quantity,
conformation, or activity of the absorbed
proteins and thus influence the cell adhe-
sion, migration, and proliferation.®”'°
Carbon nanotubes (CNTs) are a man-
made form of carbon that did not exist un-
til the 1990s. They have one-dimensional
nanoscale structure, excellent flexibility, and
electrical conductivity, high strength, and
stiffness. These outstanding properties
make them ideal reinforcement materials
to improve the mechanical properties of
biomaterials for tissue engineering."’ '3
The biomolecule can be covalently attached
onto the nanotube surface'® "¢ or can non-
covalently encase nanotubes,'” 28 with
the latter showing obvious advantages be-
cause it requires relatively mild reaction con-
ditions and the perfect graphitic structure of
CNTs can be maintained. Over the past de-
cades, many natural biomaterials such as
polysaccharides,'” 22 DNA,**?* proteins,”
polypeptides,®® 22 and synthetic polymers
such as poly(phenylacetylene)?* 3" have
been reported to wrap around CNTs via non-
covalent interactions. Especially, the polysac-
charides are much more attractive because
they are cheap and readily available. Differ-
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ent types of polysaccharides have been
applied to modify CNTs, which would be
able to endow different surface properties
for the CNT composites. Although factors
that affect the cell behaviors have begun
to be understood,'*” '® quantitative inves-
tigations on the relationship between the
surface properties and the cell behaviors
remain yet to be explored.

In this study, we used three types
of natural polysaccharides, amylose
(AMY), alginate sodium (ALG), and chi-
tosan (CHI), to noncovalently wrap the
single-wall carbon nanotubes
(SWCNTSs) to construct four types of
SWCNT scaffolds, termed as AMY-
SWCNT, ALG-SWCNT, CHI-SWCNT, and
CHI/ALG-SWCNT scaffolds. High-
resolution transmission electron
microscopy (HR-TEM) and atomic force
microscope (AFM) were used for the
characterization of the obtained modi-
fied SWCNTSs. By investigating the in-
teractions between the SWCNT scaf-
folds and mammalian cells, we found
that all of the poly-saccharide-
wrapped SWCNTs could enhance the
cell viability compared to purified SWCNT and oxi-
dized SWCNT scaffolds, and thus special efforts have
been focused on characterization of these
polysaccharide—SWCNT complexes in a more quan-
titative way. For this reason, we investigated the sur-
face functional groups, { potentials (surface charge),
and water contact angles (hydrophilicity) of the re-
sulted SWCNTs. Compared to the surface with
—COO™ or —NH, groups, low { potential, and high
contact angles, it was found that the surface with
only —OH groups, higher { potential, and lower con-
tact angles are beneficial to the cell growth. Among
all of the SWCNT scaffolds prepared in this study, the
electrical neutral and hydrophilic AMY-SWCNT scaf-
folds bearing only —OH groups can sustain the high-
est cell viability.

RESULTS AND DISCUSSION

The impurities in commercial SWCNTs, such as
metal catalysts and amorphous carbon particles, are
reported to be toxic to cells and could induce intra-
cellular reactive oxygen species (ROS).>*3> Thus, all
of the SWCNTSs in this study are purified using a lit-
erature method.?? It is known that SWCNTs tend to
form bundles due to their high aspect ratios and the
strong intertube van der Waals interactions, thus
their dispersion in common solvents is very limited.
Natural polysaccharides could be used to nonco-
valently wrap around SWCNTs, imparting water solu-
bility of the nanotubes.'®2°2! Figure 1a—c shows

www.acsnano.org

b e i

11011y

NS
{
&
*3
Y
g
N

Figure 1. TEM images of (a) AMY-SWCNTs, (b) ALG-SWCNTs, (c) CHI-SWCNTs, and (d) CHI/
ALG-SWCNTs.

Figure 2. AFM images show the helical structures on (a) AMY-SWCNTs, (b) ALG-SWCNTs, (c)
CHI-SWCNTs, and (d) CHI/ALG-SWCNTs.

the structure of AMY-SWCNTs, ALG-SWCNTs, and
CHI-SWCNTs, respectively. The loosely wrapped
polysaccharide chains (white arrows) can be ob-
served on the side walls (black arrows) of a single
SWCNT or a SWCNT bundle. With addition of ALG-
SWCNTSs into a CHI solution, both ALG and CHI can
“doubly” wrap onto SWCNTs. The double-layered
polysaccharide-wrapped SWCNTs (CHI/ALG-SWCNTs)
show additional thickness (Figure 1d), but the side
walls could not be observed due to the thick bilayer
of CHI/ALG around the SWCNTSs.

SWCNTs, (b) oxidized SWCNTSs, (c) AMY-SWCNTs, and (d) CHI/ALG-
SWCNTSs. Inset: images of water drops on the surfaces of SWCNT

scaffolds.
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TABLE 1. Zeta Potentials of Modified Nanotubes and
Wettability of the Resulting SWCNT Scaffolds

contact angle (°)° { potential (mV)”

purified SWCNTs 120 = 4 —36.13 = 2.05
oxidized SWCNTs 97 +4 —55.90 = 2.42
AMY-SWCNTs 81+3 —11.19 = 1.62
ALG-SWCNTSs 95+3 —41.13 =038
CHI-SWCNTs 99+3 +6.22 = 0.22
CHI/ALG-SWCNTSs 41£6 —26.10 =03

“All of the data were averaged from three measurements.

AFM was also employed for characterization of
the polysaccharide-modified SWCNTs, and helical
morphology is found in the AMY-SWCNTs (Figure
2a), ALG-SWCNTs (Figure 2b), CHI-SWCNTs (Figure
2c), and CHI/ALG-SWCNT samples (Figure 2d), which
is in accordance with previous reports that polysac-
charides tend to wrap around SWCNTs in a helical
manner.'?21-22

By vacuum filtration, the SWCNTs can be well-
fixed on the porous PYDC membranes. SEM images
(Figure 3) showed that the scaffolds were all well-
covered with modified SWCNTs, and all types of
SWCNT scaffolds show nanofibrous structure in our
experiment (images of ALG-SWCNT and CHI-SWCNT
scaffolds are quite similar with Figure 3c and are not
given). The purified SWCNTs can be considered as a
single sheet of graphite rolled into a cylindrical
shape with only a few —COO~ and —OH groups at
their surface defects. The purified SWCNTs have hy-
drophobic and negatively charged surface with 120°
contact angle and about —36.13 mV { potential
(see Figure 3a and Table 1). Oxidation would intro-
duce more —COO™ groups on their surface, thus oxi-
dized SWCNTs have more negatively charged sur-
face (~—55.90 mV { potential) and improved
hydrophilicity with a contact angle of ca. 97°. Simi-
larly, ALG, CHI, and AMY would introduce different
functional groups such as —COO~, —OH, and —NH,

onto SWCNTs after wrapping around them. On one

hand, these polar and highly hydrophilic functional
groups could increase the surface energy and make
the surfaces of the SWCNT scaffolds more hydro-
philic (see Figure 3c,d and Table 1). For example, The
CHI/ALG-SWCNT scaffold has the most hydrophilic
surface with the lowest contact angle, which might
be due to the fact that the “bilayer” of CHI/ALG has
increased number of hydrophilic functional groups
on the surface. On the other hand, these polysaccha-
rides also have different surface charge and could
change the { potential of the SWCNTs (see Table 1).
For instance, CHI-SWCNTs have the highest { poten-
tial with the coating of positively charged CHI. In
contrast, after wrapping by negatively charged ALG,
the resulted ALG-SWCNTs have the lowest { poten-
tial in all of these polysaccharide—SWCNT compos-
ites. Also, the { potential of polysaccharide—SWCNTs
should be fine-tuned by varying the ALG/CHI ratios.
These SWCNT scaffolds provide us a chance to quan-
titatively investigate the relationship of the surface
properties of the CNT scaffolds (surface functional
groups, surface charge, and hydrophilicity, etc.) with
the cell behaviors, which can guide us to develop
optimal CNT scaffolds for cell growth.

First of all, AO/EB double staining was used to
study the growth and development traits of HelLa
cells on all types of SWCNT scaffolds. Healthy cells
have green nuclei, uniform chromatin, and intact cell
membrane on the glass slide (Figure 4a), while the
cells in necrosis or in a late stage of apoptosis have
red nuclei with damaged cell membrane.?? After cul-
turing for 72 h, some of the cells cultured on the pu-
rified SWCNT scaffold were in necrosis with red nu-
clei (Figure 4b), while relatively less necrotic cells
were found on oxidized SWCNT scaffolds or
polysaccharide-wrapped SWCNT scaffolds (Figure
4e—g), indicating that Hela cells can grow on all of
the SWCNT scaffolds and the modified SWCNT scaf-
folds have improved biocompatibility.

WST-1 assay was further carried out to quantita-
tively compare the bio-
compatibility of these
SWCNT scaffolds by de-
tecting the viability of
Hela cell growth on them.
After culturing for 72 h,
the majority of cells had
undergone proliferation.
Compared to the control
sample, a significant loss
in cell viability was ob-
served for the purified
SWCNT scaffold with the
cell viability of 61.8 =

5.4% (Figure 5a). After oxi-
dization or polysaccharide
wrapping, hydrophilic

Figure 4. Fluorescence microscopy images of Hela cells cultured on (a) a glass slide, (b) purified SWCNTs,
(c) oxidized SWCNTs, (d) AMY-SWCNTs, (e) CHI-SWCNTs, (f) ALG-SWCNTs, and (g) CHI/ALG-SWCNT scaf-
folds for 72 h. The cells were stained by AO and EB.
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groups such as —COO~, —OH, and —NH, were intro-
duced onto the surface of SWCNT scaffolds. The cell
viability on these modified SWCNT scaffolds was
thus increased at different degrees (Figure 5a). It is
also shown in Figure 5a that AMY-SWCNT scaffold
with only —OH groups could sustain the highest cell
viability (148.6 = 6.2%) after 72 h culturing. The
—NH; and —COO™ groups are relatively the least ca-
pable of promoting the growth of HelLa cells. The re-
sult is in accordance with the previous report® that
suggests that functional groups including —OH,
—NH,, and —COOH may modulate the structure
and molecular composition of cell-matrix adhesions,
and the substrate with —OH groups shows the high-
est effective cell adhesion strength. However, the ex-
act mechanism is not clear, and further studies are
still in process in our laboratory.

It is already known that the surface functional
groups are not the only factors affecting the cell ad-
hesion; other surface properties such as surface
charge and hydrophilicity should be considered at
the same time.° ' The cell viability on the SWCNT
scaffolds increased in the following order: purified
SWCNTs < oxidized SWCNTs < ALG-SWCNTs < CHI/
ALG-SWCNTs < CHI-SWCNTs < AMY-SWCNTs, which
is partly related to the ascending order of modified
SWCNT ¢ potentials and the descending order of wa-
ter contact angles (Figure 5b,c). Generally, cellular
membranes are negatively charged, and thus cells
can more easily attach and grow on more positively
charged surfaces. Therefore, the cell viability on ALG-
SWCNT, CHI/ALG-SWCNT, and CHI-SWCNT scaffolds
increased with the ascending of their { potentials.
Figure 5c gives the water contact angles and the cell
viability on the purified SWCNTs, oxidized SWCNTs,
ALG-SWCNTs, AMY-SWCNTs, and CHI/ALG-SWCNTs.
It can be concluded that the cell viability on these
SWCNT scaffolds almost increased with the ascend-
ing of their hydrophilicity, which showed us that
cells prefer to grow and proliferate on a hydrophilic
surface.

It should be noted that the abnormal point in Fig-
ure 5b,c is the cell viability on the AMY-SWCNTSs. In
Figure 5b, the slightly negatively charged AMY-
SWCNTs (~—11.19 mV { potential) have higher cell
viability than the positively charged CHI-SWCNTs
(~+6.22 mV { potential) probably due to the more
hydrophilic surface and the only favorite functional
groups of —OH. Similarly, though CHI/ALG-SWCNTs
have the most hydrophilic surface in Figure 5¢c, AMY-
SWCNTs still sustain the higher cell viability be-
cause of their relatively positively charged surface
and owning the only favorite functional groups of
—OH. These results further demonstrated that sur-
face functional groups, surface charge, and the hy-
drophilicity all play key roles in cell growth. These
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rules can guide us to develop optimal CNT scaffolds
for cell growth.

In order to further study the differences of cell vi-
ability on different scaffolds, we have also investi-
gated the cell adhesion and morphology on a glass
slide and SWCNT scaffolds by using SEM. It can be
observed from Figure 6a and its magnified picture
around the black arrow (Figure 6e) that a Hela cell
is well spread and attaches closely to the glass slide

. . ~ . AN
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Figure 6. SEM images of Hela cells cultured on (a,e) glass slide, (b,f) purified SWCNTs, (c,g) CHI-SWCNTSs, and (d,h) AMY-
SWCNT scaffolds. Fluorescence images of FAK distribution in HeLa cells cultured on (i) glass slide, (j) purified SWCNTs, (k) CHI-
SWCNTs, and (I) AMY-SWCNT scaffolds. All of the cells were cultured for 12 h.

with lamellipodia seen at the periphery. On the hy-
drophobic purified SWCNT scaffold, the cell body
shows an incompletely spread morphology (Figure
6b) with less lamellipodia but some elongated and
radial filopodia seen at the periphery (Figure 6b,f),
showing poor adhesion. Compared to the cell on the
purified SWCNTs, it could be seen that the cells show
good attachment with less or no projection of elon-
gated filopodia and more lamellipodia on CHI-
SWCNTs (Figure 6¢) and AMY-SWCNTSs (Figure 6d).
However, the cell on the CHI-SWCNT scaffold shows
a less spread spherical shape with a few elongated
filopodia (Figure 6¢,g), while the cell on the AMY-
SWCNT scaffold appears well-spread with extensive
network of cell lamellopodia and filopodia (Figure
6h) attached to the scaffold, suggesting the AMY-
SWCNT scaffolds have the best surface properties for
the cell adhesion, which can partly explain the high-
est cell viability on them.

It is known that cell adhesion to ECM is usually
mediated by focal adhesions (FAs), which link actin
cytoskeleton to ECM and provide regions for signal
transduction to regulate cell growth.>® The focal adhe-
sion kinase (FAK) is a protein tyrosine kinase which is re-
cruited at an early stage to FAs and is implicated in signal-
ing pathways and regulates cell cytoskeletal organization,
adhesion, migration, survival, and proliferation.?”*°
Here, FAK was chosen to be immunostained and ob-
served by fluorescence microscopy to investigate the
focal adhesion formation on different scaffolds (Figure
6i—I). It could be observed that the FAKs were distrib-

) VOL.3 = NO. 10 = ZHANG ET AL.

uted with a few aggregates in the entire ventral cell sur-
face in the control group (Figure 6f). When cells cul-
tured on purified SWCNTs, FAK aggregates were
annularly distributed at the periphery of cells (Figure
6j), indicating a rather weak cell adhesion.*" Interest-
ingly, the cells cultured on polysaccharide-modified
SWCNTs show no obvious FAK aggregates. Instead, rela-
tively homogeneous distribution in the whole cell body
(Figure 6k,l) was observed, suggesting a much stron-
ger adhesion. On the basis of the above results, it can
be concluded that the surface properties of scaffolds
could affect the cell adhesion and FAK distribution, thus
leading to changes in the cell morphology and viabil-
ity. AMY-SWCNTSs can be regarded as excellent substi-
tutes to mimic native ECM, which can well-sustain and
direct cell adhesion, growth, and proliferation.

CONCLUSIONS

In conclusion, natural polysaccharides such as amy-
lose (AMY), alginate sodium (ALG), and chitosan (CHI)
were noncovalently wrapped onto single-wall carbon
nanotubes (SWCNTSs). The relationship of the surface
properties with the cell behaviors has been investigated
in a more quantitative way. Compared to purified
SWCNTs and oxidized SWCNTs, the polysaccharide-
wrapped SWCNTs could enhance cell adhesion and pro-
liferation significantly. We found surface properties of
scaffolds could directly influence the protein adsorption
leading to different cellular FAK expression, thus affect-
ing the cell morphology, migration, and proliferation.
Notably, compared to the hydrophobic, negatively
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charged surfaces with —COO~ and —NHj, groups, the
hydrophilic, positively charged surfaces with only —OH
groups are beneficial to cell growth. Integrating these

METHODS

Materials. Commercial SWCNTs (purity > 90%; length > 50
pm; diameter = 1—2 nm) were purchased from Chengdu Or-
ganic Chemistry Co., Ltd. AMY was purchased from National Starch
& Chemical Company. ALG was purchased from Acros. CHI was ob-
tained from TCI (Tokyo). Acridine orange (AO), ethidium bromide
(EB), and Triton X-100 were all obtained from Sigma-Aldrich. Fetal
bovine serum (FBS) and high glucose Dulbecco’s Modified Eagle’s
medium (DMEM) were obtained from Hyclone. WST-1 reagent was
purchased from Beyondtime Bio-Tech. Mouse IgG1 antifocal adhe-
sion kinase (FAK) was purchased from BD Biosciences. Rhodamine-
conjugated goat antimouse IgG was obtained from KangChen Bio-
Tech. Porous poly(vinylidene chloride) (PYDC) membrane was
purchased from Shanghai ANPEL Instrument Co. Ltd. (0.45 pm
pore size). Other reagents were obtained from Shanghai Chemical
Reagents Corporation. Human cervical carcinoma Hela cells were
cultured in high glucose DMEM supplemented with 10% FBS in a
humidified incubator (MCO-15AC, Sanyo) at 37 °C in which the CO,
level was kept constant at 5%.

Measurements. High-resolution transmission electron micros-
copy (HR-TEM) was conducted on a JEOL TEM-2100. Atomic
force microscopy (AFM) was performed on a Vecco AFM Nano-
Scope lll. Zeta potentials of all the nanotubes were measured by
a { potential analyzer (Zetasizer Nano ZS90, Malvern). Scanning
electron microscopy was conducted on a JEOL JSM-7401F. The
room-temperature static contact angle of water on the SWCNT
scaffolds was determined with a goniometer (OCA-20, Dataphys-
ics) by the sessile drop method. The fluorescent photos were ob-
tained by using an inverted fluorescence microscope (IX 71,
Olympus) with a charge-coupled device (CCD, Cascade 650).

Purification and Oxidation of SWCNTs. The purchased SWCNTs (1.0
g) were refluxing in HNO; aqueous solution (2.6 mol/L, 200 mL)
under magnetic stirring for 24 h for purification.? The purified
SWCNTs were filtered through a PVDC membrane and washed
several times with ultrapure water to neutrality. The product was
then dried under vacuum at 50 °C for 24 h for further use. Puri-
fied SWCNTSs (100 mg) were dispersed in a mixture of 98% H,SO,4
and 65% HNO; (3:1 v/v, 100 mL) and exposed to sonic irradia-
tion at 0 °C for 6 h to prepare the oxidized SWCNTs. After wash-
ing with ultrapure water (18.2 M()), the sample was collected
and dried under vacuum at 50 °C for 24 h.

Preparation of Polysaccharide-Wrapped SWCNTs. AMY-SWCNTSs were
prepared according to our previous procedures.?? Purified
SWCNTs (2.5 mg) were dispersed in ultrapure water (85 mL)
and presonicated for 1 h, and then amylose—DMSO solution
(16.7 mg/mL, 15 mL) was added dropwise into the sonicating
suspension. The mixture was sonicated for another 10 min and
kept at room temperature for 24 h. After centrifuging for 30 min,
the sediment was dispersed in ultrapure water with sonication
and centrifugation again, which was repeated at least eight
times. ALG solution (1 mg/mL) and CHI solution (1 mg/mL in
0.02 M acetic acid) were used to prepare ALG-SWCNTs, CHI-
SWCNTs, and CHI/ALG-SWCNTs. Purified SWCNTs (20 mg) were
sonicated in 40 mL of polysaccharide solution for 20 min and
then stirred overnight at room temperature to obtain ALG-
SWCNTs or CHI-SWCNTs. The obtained ALG-SWCNTs (10 mg)
were again sonicated for 20 min in 20 mL of CHI solution and
stirred overnight at room temperature to obtain the CHI/ALG-
SWCNT complex. All of the ALG- or CHI-modified SWCNT samples
were collected by filtration through PVDC membrane and
washed with ultrapure water to remove excess of polysaccha-
rides, then collected and dried at room temperature.

Preparation of the SWCNT Scaffolds. The SWCNT scaffolds were all
made by vacuum filtration of the modified SWCNT aqueous dis-
persions onto porous PVDC membranes and then dried at 60 °C
for 3 h, thus SWCNTs were coated and fixed on membranes. All
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factors, electrically neutral and hydrophilic AMY-SWCNT
scaffolds bearing only —OH groups can sustain the
highest cell viability.

of the SWCNT scaffolds were sterilized under ultraviolet light
overnight before further use.

Fluorescence Microscopy. DNA-binding dyes AO and EB were fur-
ther used for the morphological detection of apoptotic and ne-
crotic cells.3® After being cultured on SWCNT scaffolds or on a glass
slide for 72 h, HeLa cells were washed by sterilized PBS and stained
with a mixture of AO (5 g/mL) and EB (5 ug/mL) at room temper-
ature for 5 min. The stained cells were observed by an inverted fluo-
rescence microscope, and images were taken by a CCD camera.

Cell Viability Test. WST-1 assay was used to measure cell viabil-
ity.>* SWCNT scaffolds were placed into a 24-well flat culture plate
(Corning), and then a Hela cell suspension (500 L) was transferred
to each well. The cells were cultured for 72 h. Sterilized phosphate
buffered salt solution (PBS, 0.01 M, pH 7.4, 500 w.L) was used to sub-
stitute the culture medium, before adding 1/10 (v/v) of WST-1 re-
agent. The cells were incubated for another 2 h. Then the suspen-
sion in each well (100 p.L) was transferred to a 96-well flat plate
(Corning), and the absorbance was measured at 450 nm using a
microplate reader (Model 680, Bio-Rad). The cells cultured on glass
slides at the same time intervals were used as controls (100% of vi-
ability), and background absorbance was measured in the culture
medium without cells and CNTs.

SEM Analysis and Inmunocytochemical Staining. SEM was used to in-
vestigate the cell morphology on SWCNT scaffolds. After culturing
on SWCNT scaffolds for 12 h, HeLa cells were fixed with 2.5% glut-
araldehyde for 1.5 h at 4 °C, postfixed in 1% OsO, for 2 h, and de-
hydrated using a graded ethanol series. Critical point-dried samples
were sputtered with gold before investigating by SEM. For immu-
nocytochemical staining, after culturing on SWCNT scaffolds for
12 h, Hela cells were fixed with 3.7% formaldehyde in PBS at room
temperature for 10 min and washed with PBS three times. Then
the cells were permeated with 0.1% Triton X-100 at room temper-
ature for 5 min and washed with PBS three times. After incubating
with blocking buffer (3% FBS in PBS) at room temperature for 30
min, primary antibody mouse IgG1 anti-FAK (1:200, v/v) was added
and incubated at 4 °C overnight. The cells were washed with PBS
three times. Rhodamine-conjugated goat antimouse IgG (1:200,
v/v) was added and incubated at room temperature for 30 min. An
inverted fluorescence microscope was used to observe the
samples, and images were taken by a CCD camera.
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